pollution of this soil type by heavy metals (SchejbalChwastek and Marsza³ek 1999 , Mazurek and Zadro¿ny 2011 and sulphur (Mazurek and Zadro¿ny 2013) .
INTRODUCTION
The Ojców National Park (ONP) is the smallest in Poland and located along the Pr¹dnik and S¹spówka river valleys cutting deep into Upper Jurassic (Oxfordian) limestones. One of the most important components of soil cover in the area of the Ojców National Park are humus-calcareous soils classified as rendzinas Zadro¿ny 2011) . Occurrence of rendzinas is an obvious element of characteristic landscape of the Pr¹dnik Valley, conditioned by presence of Jurassic limestones. Rendzinas were already reported in the first soil map of the ONP prepared by Greszta and Bitka (1977) as well as in later research by Zalewa (2001) . A lot of studies concerning the ONP's rendzinas were devoted to the131 Rendzinas of the Ojców National Park górski 2001, Kowalska et al. 2017 ) as well as micromorphology (Ciarkowska and Niemyska-£ukaszuk 2004 , Kowaliñski and Licznar 1976 , Licznar 1976 , Zagórski 2001 . Furthermore, many studies concerning rendzinas were focused on organic matter decomposition (KuŸnicki and Sk³odowski 1973 , Kowaliñski and Licznar 1976 , Pranagal 2004 . The influence of various parent materials on soil development has been assessed within Polish rendzinas (Strzemski 1950 , KuŸnicki 1965 , KuŸnicki and Sk³odowski 1976 , Zasoñski 1992 , Zagórski 2001 .
However, until now there is a lack of detailed studies concerning the genesis and evolution of rendzinas particularly at the area of the ONP. Furthermore, so far there was no comprehensive research related to the heterogeneity of such soils based mostly on their texture as in this case. This subject needs a detailed insight into the properties and development of this soil type.
It has to be mentioned that some studies assumed soil heterogeneity is unusual for soil environment (Ahr et al. 2012, Schaetzl and Anderson 2005) . Lorz et al. (2013) discuss the idea of soil evolution based on downward formation from top to down part of soil profile characteristic of homogenous soil substrate. Nevertheless, soil evolution could be more complex and marked by differences between two horizons or layers in soil profile (Ligêza 2009 , Lorz and Phillips 2006 , Lorz et al. 2010 , Waroszewski et al. 2013 , 2017a , 2017b . Heterogenic soils have a complicated but widely discussed genesis (Schaetzl and Anderson 2005 , Waroszewski et al. 2015 , 2017b . Polygenetic soil development often includes mass movement, soil reworking and erosion as well as aeolian admixture , Schaetzl and Anderson 2005 , Waroszewski et al. 2013 ).
Regarding the above-mentioned, we examined the rendzinas diversity in the ONP area. Moreover, the paper aims to identify the relation between relief and slope position of rendzinas occurrence and its influence on soil classification as well as any presence of lithological discontinuity. Additionally, we aimed to show the vertical heterogeneity profile of ONP soils as an effect of lithological variability.
STUDY AREA
The study was conducted throughout the ONP (Fig.  1) . The ONP is an upland limestone area covered with loess sediments. The geomorphology of the study area is characteristic with deep central valleys cut out by Pr¹dnik and S¹spówka rivers surrounded by steep slopes sometimes with the character of rocky cliffs. Contemporary soil cover is the result of long and complex changes reflecting the periods of relief planation, development of the underground karst and filling with glacial and aeolian sediments as well as periods in which old forms were covered by the younger sediments (Fig. 2) . Soil cover is mostly conditioned by differentiation of parent material (Greszta and Bitka 1977, Zalewa 2001) . The deepest layers consist of rocky and shallow Upper Jurassic limestone at up to 100 m thick. These layers are covered by younger Quaternary sediments, primarily by loess and Pleistocene clays. Valleys bases are filled by the youngest sediments in the form of alluvium and deluvium. Furthermore, clay-illuvial soils may be formed on deep loess sediments. In the valleys and tectonic sinkholes, swamp and peat soils often occur. Finally, along the rivers, alluvial soils formed from river sediments composed of sands and silts (Greszta and Bitka 1977, Zalewa 2001) (Fig. 2) .
MATERIALS AND METHODS
Our soil samples have been collected from 12 rendzinas profiles located in the forested areas of the ONP (Figs 1 and 3 ). In the study area, Dentario glandulosae-Fagetum occurs as the dominant plant com- (Table 1 ). The colour of each separated horizon was determined based on the "Revised Standard Soil Color Charts" (Oyama and Takehara 1970) . Soil samples were collected from all distinguished genetic horizons for further physico-chemical analyses. The samples were air dried and sieved through a certified plastic sieve (2 mm diameter mesh). The soil texture of studied soils was determined using the Bouyoucos aerometric method (without carbonates removal), modified by Cassagrande and Prószyñski (Polish Standard 1998) . According to the norm, in the fine earth parts (<2 mm) the percentage of the silt and clay fraction was determined by the areometric method, and the percentage of individual sand sub-fractions was determined by the sieve method. Potentiometric measurements of pH were taken using a standard combination electrode and CPI-551 Elmetron pH meter in suspension of H 2 O and 1 mol·dm -3 KCl, in a ratio of 1:2.5 (w/v). The content of total organic carbon (TOC) was determined using the Tiurin method (Lityñ-ski et al. 1976 ). The content of total nitrogen (N tot ) was determined using the Kjeldahl method (Lityñski et al. 1976 ) on a FOSS Kjeltec TM 8100 apparatus. Calcium carbonate content was determined using the Scheibler method (Lityñski et al. 1976) .
A lithological discontinuity (LD) detection could be determined on the base of soil texture (Lorz and Phillips 2006 , Lorz 2008 , Ligêza 2009 , Waroszewski et al. 2015 . Based on the formulas given by Kowalska et al. (2016) three different methods to identify the presence of LD in the soils were used. Lithological discontinuity indices (LDI) have been calculated for each studied soil profile.
Similarly, Uniformity Value indices (UV1 and UV2) were calculated in order to evaluate heterogenity of soil profiles (Kowalska et al. 2016, Schaetzl and Anderson 2005) .
Soils have been classified based on bothPolish Soil Classification (2011) 
RESULTS
All studied soil profiles were described in the field. The studied profile characteristic traits were low content of coarse (skeletic) fraction in humus horizons. The horizontal arrangement of the skeleton was high in the AC and/or BC horizons and gradually decreased towards to the topsoil (Table 1 ). The boundaries between the horizons were mostly diffuse and clear. In general, the medium and coarse size classes of structure were found. In terms of the type of macrostructure, the analyzed soils were characterized by single crumbs in humus horizons, and in deeper partition of soil profiles subangular structure occurred. The structure development of soil aggregates was moderate. Upper horizons were characterized by firm and friable consistency, while lower horizons were mostly firm or very firm. The studied horizons were mostly moist but also slightly moist (profiles 7 and 11), very moist (profile 2) and wet (profile 8). The frequency of the presence of roots in upper horizon ranged from common to few. In deeper soil profile parts ranged from few to none (Table 1) . The texture of soils was varied (Fig. 4) . In general, silt fraction showed the greatest share in every horizon. Within some soils (profiles 5, 6, 9, 10, 11 and 12), the texture highlights vertical stratification, which may suggest a different origin of the materials that composed the topsoil and parent material (Fig. 4) . The uppermost soil horizons (A, AB) were characterized by silt loam (profiles 1-3, 5, 7, 8, 11 and 12) , silt (profiles 6, 9 and 10) and sandy loam (profile 4). The lowermost horizons (AB, BC) also showed variable texture in each profile. Silt loam within the lowermost horizon was characterized for profiles 1-3, 6-8 and 10. In profile 4, sandy loam occurred. Profile 5 was characterized by silt texture in lowermost horizon. Further silt clay loam was determined in profile 9, 11 and 12 (Fig. 4) .
In each profile, pH values increased with depth ( Table 2 ). The pH values varied vertically within the profiles, from weakly acidic to alkaline. Within uppermost horizon pH ranged from 4.6 to 7.8 in H 2 O and from 3.5 to 7.1 in KCl solution. In turn, lowermost horizons were characterized by pH from 4.6 to 8.0 in H 2 O and from 3.4 to 7.4 in KCl solution. The TOC content in the studied soil profiles ranged from 14.0 to 165 g⋅kg -1 in A horizons and from 4.10 to 188 in the AB/ BC horizons. N tot content varied throughout the soil profiles, ranging from 1.6 to 11.4 g⋅kg -1 in uppermost horizons and from 0.60 to 11.3 g⋅kg -1 in the AB/BC horizons. In general, TOC and N tot decreased with depth (Table 2 ). In most cases the CaCO 3 content increased with depth ( Table 2 ). The exception was profiles 7 and 12, where the higher content of CaCO 3 occurred within uppermost horizon. Such an arrangement may be a result of the highest content of carbonate skeleton within this horizon. CaCO 3 content ranged from 0.0 to 210 and from 0.0 to 336 g⋅kg -1 in upper and lowermost horizons respectively. It was noted that CaCO 3 content was the highest in profiles 3 and 8 (Table 2) .
We investigated lithological discontinuity based on the LDI, UV1 and UV2 indice values. The majority of studied profiles 2, 3, 5-8 and 10 met criteria of profile lithological discontinuity. According to UV1 and UV2 values, the criteria have been complied by profiles 6, 7, 8 and 3, 7 respectively (Table 3) .
DISCUSSION
According to Polish Soil Classification (PSC 2011) 7 studied soils (profiles: 1, 2, 3, 6, 9, 10 and 12) were classified as typical brown rendzina subtypes. Two profiles (4 and 5) were classified to typical chernozemic rendzinas and three (7, 8 and 11) to brown chernozemic rendzinas. Based on WRB (IUSS Working Group 2015) studied soils have been classified as Cambisols (profiles 1, 6, 9 and 10), Leptosols (profiles 2, 3, 4 and 7) and as Phaeozems (profiles 5, 8, 11 and 12) with varied principal and supplementary qualifiers (Table 2) . Chernozemic rendzinas were counted as Phaeozems and Leptosols connected with various share of skeletic (>2 mm) fraction (Table 2) .
The morphology of studied brown rendzinas profiles is relatively uniform. A humus layer was present under a rather shallow organic horizon. Within O and A horizons, a high biological activity of studied soils occurred as proved by the high composition rate of organic matter and confirmed also in other studies (Kowaliñski and Licznar 1976, Mazurek et al. 2016) . Humus horizon of brown rendzinas generally presents rather mollic character but does not meet depth criteria of this epipedon (PSC 2011). Usually, well developed humus horizons transits with the depth into cambic horizon (IUSS Working Group WRB 2015). The cambic horizon was usually characterized by much lighter color compared to humus horizon and subangular structure. The color of cambic horizons (Table 1) is debatable. According to Licznar (1976) , such soil color is connected with limestones weathering into terra fusca or terra rossa.
Chernozemic rendzinas in the ONP occurred in the foothills and relative flat slope partitions. It has to be noted that this soil subtype share within the studied soils is low. In another regions, this soil type is associated with rather soft calcareous or gypsic parent material (Licznar 1976, Ciarkowska and Niemyska-£ukaszuk 2004) . In opposition, Jurrasic limestones belong to recalcitrant parent material when considering rock weathering rate and development of the regolith (Lewandowski 2011) . In chernozemic rendzinas, characteristic morphological traits are the humus horizon with its well-developed crumby structure, dark color and high biological activity. Soils showed morphological properties of chernozemic rendzinas that additionally showed a cambic horizon below the mollic horizon. They were classified as a brown chernozemic rendzina subtype (PSC 2011).
In terms of lithological structure, the area of the Ojców National Park (ONP) is mostly characterized by occurrence of Jurassic limestones that comprises the parent material "base" for studied soils (Fig. 2) . The limestones are usually overlaid by cover beds consisting of regolith of limestones and shallow periglacial loess mantle from the last glacial period (Vistulian) , Mazurek and Zadro¿ny 2011 , PSC 2011 , Zalewa 2001 , Greszta and Bitka 1977 . Depth of loess layer is the most important factor determining soil type of the ONP (Fig. 2) . Soils located on high plateaus, where loess is about 2 m deep, are classified as clay-illuvial soils according to PSC (2011) . Proper alluvial soils occur in valleys. The most common ONP slope types are dominated by rendzinas as well as shallow clay-illuvial soils. These soils were developed from shallow loess layer overlaid by limestones. Therefore, rendzinas occurrence is more frequent in central part of Park occupied chiefly by the Pr¹dnik river valley. Where the loess layer is absent or has shallow thickness, initial rendzinas may be developed. The proportion of silt sediments to weathered limestones is not always easy to determine especially in field studies. Therefore, analysis of the particle size distribution or other properties (e.g. mineralogy of heavy minerals) is useful to assess heterogeneous character of pedons (Lorz 2008 , Waroszewski et al. 2013 ). There are also difficulties in distinguishing pure limestone regolith from the limestone regolith covered by significant admixture of allochthonous loess in the field.
The regolith depth is considerable on slopes also due to mass movement (Schaetzl and Anderson 2005, Waroszewski et al. 2017b) . Additionally, there are favorable conditions for mixing in situ lithological material with allochthonous loess. These findings are proved by high contents of silt fraction in surface horizons of studied rendzinas (Fig. 4) although heterogeneity of soil profile was not always stated.
We can assume that majority of studied rendzinas can be classified as mixed rendzinas. Mixed rendzinas developed on parent material consisting of carbonate or gypsic rocks with some glacial or/and aeolian admixture e.g. sand, clay as well as loess. Therefore, the term mixed rendzina was introduced in contrast to pure (uniform) rendzina, i.e. without admixtures (PSC 1989 (PSC , 2011 . Moreover, a spectrum of loess admixture has been noted (from little content of loess to clearly recognizable cover). Both cases contributed to stratification within soil profiles what further conditioned the formation of lithological discontinuities in soils. The similar results have been described by Waroszewski et al. (2017a) with reference to soil formed from granite and basalt within Lower Silesia. Moreover, our study showed that pure (uniform) rendzinas were formed only in more exposed forms of the terrain like inselbergs built of limestones 'rocky limestones' (Gradziñski 2001) .
We assumed that upper part could be more heterogeneous due to admixture of aeolian loess, whereas in deeper part of profiles regolith of limestones is visible. The proportion of loess is related to soil texture. Within the surface horizons, the texture is more silty whereas within the deeper horizon, the texture has more autogenic character and is the result of weathering of limestones (Waroszewski et al. 2017a ). The clayey character of the Upper Jurassic weathering mantle was confirmed also in other studies (Licznar 1976, Licznar and Licznar FIGURE 4 . Comparison of soil texture in studied rendzinas of the Ojców National Park: A -in A horizons, B -in parent material (horizons BC or C) 1997). An additional finding is that humus horizons of studied soils were developed within more silty upper partition of profiles (Fig. 4) . We assume that physical properties of loess layer can facilitate humus accumulation process and sequestration of carbon in soil (Grüneberg et al. 2014) . This rendzinas stratification model is consistent with earlier published papers devoted to the formation of cover beds in Pleistocene in mountain and upland areas of Central Europe (Kleber 1997 , Veit et al. 2002 , Semmel and Therhorst 2010 . Upper loess cover is an analog to upper and middle periglacial cover beds. Regolith of limestones could be considered periglacial basal cover beds.
LDI and UV values were used in order to prove lithological discontinuity occurrence in profiles and 'mixed' character of studied rendzinas. The heterogeneous character of studied soils was confirmed in some profiles where indices of lithological discontinuity exceed limits for geologically uniform soil profiles (profiles 2, 3, 5, 6, 7, 8 and 10) . Lithological discontuity was stated in 4 profiles of brown rendzinas and in 2 chernozemic rendzinas. The comparison of the lithological discontinuity methods allowed us to state that seven studied profiles met the criteria for LDI (IUSS Working Group WRB 2015) and only four profiles met the criteria for UV (Schaetzl and Anderson 2005, Kowalska et al. 2016) (Table 3 ). This result is compatible with the literature as pedogenesis is influenced by the thickness of loess mantle (Zalewa 2001 , Waroszewski et al. 2017a ). As a result, when the loess layer is deep, the clay-illuvial soils may be formed, and when loess did not affect the soils so deep, rendzinas are formed (Zalewa 2001) . Nevertheless, another question concerns the 'cleanliness' of parent material. It seems to be correct that heterogeneous soils may be formed on the area of the ONP. The main parent material (Jurassic limestones) of ONP soils was conditioned by long-term changes that included mainly denudation processes or/and weathering in conditions of strong relief formation circumstances. These complex processes led to accumulation on slopes rubble-loamy cover beds in early Pleistocene as a periglacial product of limestones weathering and denudation (Krajcarz and Madeyska 2013) . It should be noted that glaciation did not touch the area of the Ojców Plateau that was connected with occurrence of the form "concave nunatak", which is upland surrounded by ice sheet (Lewandowski 2011) . A relative young loess sediments covered area of the OPN was accumulated in late Pleistocene. The late Pleistocene and Holocene environment affected loess sediments by slope processes and interaction with limestones regolith and cover beds (Pawelec 2001) . Additionally, we can assume that in more stable parent material development stages in Pleistocene pedogenesis could have taken place and its effect was destroyed due to later denudation processes (Krajcarz and Madeyska 2013).
Hence, ONP parent material is an effect of complicated and complex geomorphological processes. The loess cover is of a different thickness than might be supposed depending on the conditions of the relief, which was additionally differentiated as a result of slope processes as found by other authors (Hasse et al. 2007 , Waroszewski et al. 2017a . In a relatively small area, the shallow rendzinas and deep clay-illuvial soils formed from loess are adjacent to each other e.g. in the area of the Krakow Gate or the road to the Murownia village . It was confirmed in the earlier studies the catenal arrangement of soils is strongly related to altitude. Both uniform and mixed rendzinas occupy a lower slope position, whereas clay illuvial soils in the complexes with rendzinas occur in top plateaus (Greszta and Bitka 1977, Ma³ek and Wê¿yk 1999) .
It is widely recognized that rendzinas contain a great content of skeleton within the surface horizons, under which the cambic horizon occurs and subsequently parent material in form of karst Jurassic limestone (Strzemski 1950 , KuŸnicki 1965 . Characteristic feature of studied ONP's soils was share of coarse fractions (>2 mm) that in surface mineral horizons ranged from 0 to 60%, whereas in deepest analyzed horizons that share amounted 50-90% (Table 1 ). The increasing share of limestone fragments in profile was accompanied by higher pH values as well as higher calcium carbonate content ( Table 2) . The same similarities could be found between rendzinas in the ONP and soils in the Pieniny Mts. or the Tatry Mts. (Miechówka 2001) . The specific character of surface horizons has been described, which is the result of accumulated loess and cover beds (Lorz 2008 , Waroszewski et al. 2017a . Therefore, the fine earth has a strictly allochthonous character in relation to the skeleton (coarse fragments), which is the specific feature of rendzinas located in the area of the ONP. This entails relatively low values of pH and low amount of primary calcium carbonate, which in addition is supported by the impact of forest vegetation (Zasoñski 1992 , Ciarkowska 2000 . It may be noted that the deeper layer of loess, the more acidic the character of studied rendzinas surface horizons, which is also directly related with the amount of calcium carbonate within the fine earths. 
CONCLUSIONS
The studied ONP rendzinas were classified as brown or chernozemic rendzinas. Despite the quite uniform morphology, in most cases the soil profiles were of heterogeneous character and even lithological discontinuities were noted. Silty character of humus horizons allows us to consider the studied soils as mixed rendzinas. Occurrence of studied rendzinas is connected with middle slope location, where regolith of Jurassic limestones is mixed with the loess layer. The slope consisted favorable conditions for mixing in-situ lithological material with allochthonous loess. This specific lithological set was characterized by more silty layers within the surface horizons compared with more clayey character of weathering base covers beds derived from Jurassic limestones. It was noted that when loess layer is deep, the clay-illuvial soils may be formed and when loess layer is moderate, rendzinas are formed. This study also showed that pure (uniform) rendzinas were formed only in more exposed forms of the terrain like inselbergs built of limestones 'rocky limestones'.
It has also been noted that the character of ONP's soils is the result of parent material heterogeneity. Jurassic limestones forming the main parent material of ONP soils were conditioned by long-term changes that included mainly denudation processes or/and weathering under conditions of strong relief. Moreover, the lithological discontinuities found in part of the studied profiles were confirmed by the LDI and UV indices used.
